Deficient sleep quality (SQ) has been linked with a higher hospitalization rate and mortality in dialysis patients, however the prevalence of sleep disorders and their influence on prognosis in non-dialysis chronic kidney disease (CKD) has been poorly investigated. The aim of this study was to assess factors related with SQ in CKD patients (stages I-IV) followed in a nephrology outpatient clinic as well as the long-term impact of SQ on patient's outcome. Between January and May 2008, Pittsburgh Sleep Quality Index (PSQI) was self-administered by 122 patients (68 males and 54 females) with a mean age of 65 years. Patients were classified as "good" (global PSQI < 6) and "poor" sleepers (global PSQI ≥ 6). We identified 66 (54%) poor sleepers (PS), characterized by an older age (66 ± 14.2 vs 57 ± 17.0, p < 0.01), female predominance (59% vs 26%, p < 0.01) and worse renal function (49 ± 19.1 vs 57 ± 23.2 ml/min, p < 0.05). There was a significant correlation between phosphate and PSQI score (r = 0.234, p = 0.01), however no correlation with calcium or PTH. Vitamin D was also lower in PS (17 ± 7.2 vs 23 ± 15.1 ng/ml, p < 0.05). Until June 2015, hospitalization rate was higher among PS (64% vs 44%, p < 0.05). In this period, there was also a trend towards higher mortality for PS (18% vs 16%). In summary, over 50% of CKD patients have poor SQ, which was associated with older age, female gender, worse renal function, lower vitamin D and higher phosphate levels. Deficient sleep was associated with a greater probability of hospitalization and might be a prognostic marker in CKD.
Introduction
Sleep impairment is frequent among dialysis patients (40% -80%). Insomnia or insufficient sleep time, sleep latency and daytime sleepiness, restless legs syndrome (RLS) and obstructive sleep apnea (OSA) are the most common complaints [1] [2] . Factors related with sleep disturbances in these patients include those also associated with poor sleep in the general population, such as age, diabetes, depression, and obesity. Sleep disturbances in dialysis patients have also been related with uremia, anemia, phosphate and inflammation. The association between sleep quality (SQ) and renal disease may be bidirectional, since depressive symptoms and fluid overload that are common in chronic kidney disease (CKD), may also impair SQ. Besides affecting quality of life, reduced SQ has been linked with higher morbidity and mortality rates in dialysis patients, as well as with more frequent hospitalization [3] .
In non-dialysis CKD, sleep disturbances may represent a novel risk factor contributing to renal and cardiovascular damage; thus, improving SQ could help to reduce progression of CKD and cardiovascular events in these patients [4] . Although a high prevalence of sleep disorders would be expected in CKD before renal replacement therapy, this question has not been investigated in depth. Sleep surveys carried out in this population were usually based in clinical questionnaires, without objective measures like polysomnography or even expert examination. For example, we've recently reported that RLS frequency (after expert examination) in non-dialysis CKD is not very different from that described in the general population [5] . Moreover, to the best of our knowledge the relationship between SQ in early stages of CKD and the use of healthcare services has not been examined.
Therefore, this study was carried out to investigate SQ in CKD patients (stages I to IV), the factors associated with poor sleep and the relationship between sleep disturbances, hospitalization and long-term patient's outcome.
Methods
We used a validated Spanish translation of the Pittsburgh Sleep Quality Index (PSQI), a self-rating questionnaire developed to evaluate SQ during the previous months. PSQI contains 19 questions (each scored 0 to 3) to assess seven components of SQ (subjective SQ, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications and daytime dysfunction) [6] . The total PSQI score ranges from 0 to 21. A global score of 6 or greater indicates a poor sleeper, meaning that the person suffers from moderate sleep problems in at least three sleep component areas, or severe sleep problems in two areas.
Between January and May 2008, patients with CKD (stages I to IV) attending the nephrology outpatient clinic were asked to voluntary answer the PSQI questionnaire. Only those with a complete and properly filled questionnaire were included in the study. Subjects under 18 years old, pregnant women and renal transplant patients were not included. The final group comprised 122 patients (68 men and 54 women) with a median age of 62 ± 16.2 years. According to PSQI, patients were divided into "poor sleepers" [(PS); PSQI ≥ 6] and "good sleepers" [(GS); PSQI < 6]. Seven years later (June 2015), the hospitalization episodes, renal function outcome and mortality rate were analyzed through retrospective evaluation of the participants' electronic medical records. The following clinical and demographic characteristics were obtained: 1) Presence of cardiovascular disease (defined as the presence of ischemic cardiomyopathy, stroke and/or peripheral arteriopathy that needed by-pass or amputation), chronic obstructive pulmonary disease (COPD), depression (defined by the need of antidepressant treatment) and diabetes; 2) Medications that might influence on symptoms, including antidepressants and hypnotic drugs. Body mass index (BMI) was calculated by the usual formula (Kg/m 2 ). Laboratory parameters were obtained from routine blood and urine samples, including serum creatinine, uric acid, proteinuria (albumin to creatinine ratio), calcium, phosphorus, parathormone, vitamin D, C-reactive protein (CRP), hemoglobin, folate and iron status. Glomerular filtration rate (eGFR) was estimated by the four-variable Modification of Diet in Renal Disease (MDRD-4) equation [7] .
The statistical package for social sciences software (SPSS version 15.0) was used for statistical analysis of differences between GS and PS. Results were expressed as mean and standard deviation or number and percent, as appropriate. The coefficient of skewness and the coefficient of kurtosis were used to evaluate normal distribution of the data. Continuous variables were compared using the Student's t-test or Mann-Whitney U-test. The bivariate correlation test was performed to determine the association of demographic and biochemical data with the PSQI score, using Pearson's correlation test and Spearman's correlation test for normally and non-normally distributed variables, respectively. Chi-square test and Fisher's exact test, as appropriate, were used to compare categorical variables. The level of significance was set at p < 0.05. Multiple logistic regression was applied for factors that reached statistical significance in order to identify variables independently associated with SQ.
Results
Out of 122 studied patients, 39 (32%) were on CKD stages I-II, 65 (53%) on stage III and 18 (15%) on stage IV following the K/DOQI staging system [8] . 38 patients (31%) were diabetic. According to the PSQI score, 66 patients (54%) were classified as PS and 56 (46%) as GS. However, 94 patients (77%) considered their SQ as good or very good.
Distribution of age, gender, associated clinical conditions, medications and laboratory values among GS and PS are summarized in Table 1 . Compared to GS, PS were older (66 ± 14.2 vs 58 ± 17.0, p = 0.004), were more frequently female (59% vs 26%, p = 0.001) and had a worse renal function (49 ± 19.1 vs 57 ± 23.2 ml/min/1.73 m 2 , p = 0.037). There were no differences regarding diabetes, COPD, uric acid, inflammation (CRP) and albuminuria between PS and GS. Albeit not statistically significant, comorbid cardiovascular diseases, as well as depression were somewhat more frequent among PS ( Table 1) . Iron levels tended to be lower (66 ± 28.8 vs 78 ± 24.9 µg/ml) in PS, without significant impact in hemoglobin concentration. We found no differences in calcium, phosphate or parathormone values between the two groups. However, there was a positive correlation between phosphate levels and PSQI score (r = 0.234, p = 0.012), and vitamin D concentration was significantly lower in PS (17 ± 7.2 vs 23 ± 15.1 ng/ml). Multiple logistic regression analysis including all factors that reached nominal significance (age, gender, eGFR, iron, phosphate and vitamin D), revealed female gender (OR 9.929, CI 2.483 -39.705, p = 0.001) as the only independently associated variable. Subsequently, a separate analysis of the data was carried out for male and female patients. Among men, vitamin D and phosphate levels were the only variables that remained statistically different between PS and GS. In contrast, PS women showed worse renal function and iron status than women who were GS, without significant difference in phosphate or vitamin D levels. Inflammation (assessed by CRP levels) was also significantly higher among PS women.
Regarding long term complications and outcome, hospitalization episodes (any cause) were significantly more frequent among PS (64% vs 44%), a difference that was more pronounced among men. Despite worse renal function at baseline, GFR decline as well as evolution to end stage renal disease (ESRD) was not significantly different between both groups. Although not statistically significant, mortality rate was somewhat higher in PS (18% vs 16%).
Discussion
Recent studies reported very variable prevalence of poor sleep in CKD (prior to ESRD), from 14% to as high as 85% [4] . Most of the participants in our study (54%) had indicators of poor sleep in the PSQI metrics. Interestingly, their subjective perception of SQ was significantly better than showed by the PSQI test (77% considered their sleep was good or very good). This discrepancy may help to explain the variable frequency of sleep disturbances found in surveys of CKD patients, if different questionnaires are used to assess SQ.
The aim of this study was to identify factors that may influence SQ in CKD patients, including renal function itself. Most previously reported studies found an association of older age with poor SQ, both in CKD and in the general population [9] . Although this association was also present in our cohort, a multivariate analysis failed to show age as an independent predictive factor. Our study revealed a significant difference in SQ by gender, which is consistent with previous data in the dialysis population [3] [10] . In fact, gender appears to be the single most important factor discerning between PS and GS in our cohort, an effect that was not obvious in previous investigations [9] . This difference in SQ between male and female is not specific for CKD, since it has been largely reported in other cohorts [11] [12] . Possible explanations suggested for the influence of gender in SQ include perception of social support, religious convictions, health-related behaviors and outlook that may vary Death, any cause (%) 9 (17) 11 (18) 0.523 GS = Good sleepers according to PSQI; PS = Poor sleepers according to PSQI; CV = cardiovascular; COPD = chronic obstructive pulmonary disease; GFR = Glomerular filtration rate; Alb = albumin; Cr = creatinine; PTH = parathormone; PCR = C-reactive protein; ESDR = End stage renal disease.
among both genders in different geographical areas. Other confounding factors, such as education, marital state and employment status may also influence on SQ differences between genders. Association of SQ and renal function is controversial [9] [13] [14] . We observed a correlation between impairment of sleep and renal function using calculated eGFR (and not serum creatinine) as measure of renal dysfunction. This may be explained by the female predominance of sleep problems and the factoring in of gender in the MDRD-4 formula. In fact, decline in SQ may already start in early stages of renal disease and therefore would not be simply related with the severity of renal impairment [15] [16] .
We investigated whether other factors common in CKD-like anemia, diabetes and inflammation-could influence SQ. We did not find association between SQ and anemia, only a somewhat lower iron concentration in poor sleepers that was not clinically relevant. The presence of anemia has been plausibly linked with sleep disturbance in the literature. Except for the case of RLS [5] , we speculate whether this might be a spurious association due to the presence of symptoms of anemia like fatigue, tiredness, lack of concentration or daytime sleepiness. Moreover, since hemoglobin values are physiologically lower in women, a gender effect may also bias the comparison of hemoglobin concentration between poor and good sleepers. Previous investigations suggested that sleep disorders are more common in diabetic patients [17] . We did not observe significant differences in sleep quality scores between diabetic and non-diabetic patients. This discrepancy with other studies might be due to the low number of diabetics in our cohort who had severe comorbidity-such as cardiovascular problems and neuropathy-since our target population was non-dialysis CKD. Elevated CRP has been associated with increased vascular inflammation due to sleep deprivation-related hypertension [18] . Interestingly, our data suggest an association between inflammation and SQ in female CKD patients that deserves further investigation.
Mineral metabolism disturbances are common in renal disease. Some studies have shown an association between sleep problems and higher levels of phosphate and parathyroid hormone in hemodialysis and CKD patients [9] [19] , that may improve after parathyroidectomy [20] . Our results suggest a correlation between PSQI score and phosphate levels, remarkably in males. Patients with poor SQ were also characterized by lower plasmatic vitamin D concentration. As far as we are aware, this is the first report underlining the association between low vitamin D levels and poor SQ in renal disease. In agreement with this observation, recent data support an inverse relationship between vitamin D levels and OSA severity [21] . Furthermore, vitamin D supplementation has been linked with RLS improvement [22] . Since both conditions (OSA and RLS) are common in CKD, it is plausible that vitamin D deficiency plays a role in sleep disturbance in renal disease.
Another finding of our study was that hospitalization rate (for any cause) in CKD patients increases markedly with the decrease of sleep quality. Poor sleep quality has been associated with an increased risk of mortality in pre-ESRD and hemodialysis patients [3] [14] . We did not find a significant correlation between SQ and mortality, perhaps due to the fact that our study population has less cardiovascular comorbid conditions than patients on dialysis or pre-dialysis. Poor sleep quality has also been related with the progression of cardiovascular disease and renal damage [4] [23] . In contrast, we did not detect an association between renal function decline and SQ. Despite progression of cardiovascular disease, sleep disturbances may start in the early stages of renal disease and thus would have less impact in renal outcome [15] [16].
Conclusion
In summary, this study shows that most non-dialysis CKD patients have poor sleep quality, especially women. Poor sleep is associated with worse renal function, higher phosphate and lower vitamin D levels. Sleep disturbance was also a predictor of higher hospitalization rate in our population. A limitation of our study is the use of PSQI as only measurement of sleep quality. Since a comprehensive polysomnography was not performed, it is not possible to ascertain the exact type of sleep disturbance and sleep pattern in our patients. There is no standardized consensus on criteria for subjective reporting of sleep quality. Global PSQI Scores above 5 resulted in a sensitivity of 98.7% and specificity of 84.4% to detect sleep disturbances [24] . Alcohol intake, smoking, medications and other factors that may have an impact on sleep were not evaluated. Besides renal function and other health and physical conditions, sleep is under the influence of habits and behaviors, culture, and even economic and political, thus hampering inter-study comparisons. Further large-scale, multi-center studies are needed to better address this problem.
